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Abstract : 

High order col l is ion integrals have been calculated for the 

and 2 C/rn f o r  *= 2, 3, 4, 5, 6, 8, 10, 

These should enable transport properties t o  be calculated 

-r/p 
potent ia ls  V(r)  = Ae 

15, 25,  50. 

for these potentials t o  a higher accuracy than previously. 

previous calculations of collision integrals  for these potentials 

Some 

have been checked. 



1. Introduction 

The in te rmt ion  potent ia l  between atoms and molecules a t  short  

internuclear distances, r, can be approximated over a wide range 

of r by e i the r  the exponential repulsive potent ia l  V ( r )  = Ae -Vp 
o r  by the inverse power potential  f C/rn. 

in tegrals  f o r  the first of these potentials have been computed by 

Monohick (1959) and f o r  the second 

by Kihara, Taylor and Hirschfelder (1960). 

co l l i s ion  integrals needed t o  c a p u t e  accurately the high order 

Same transport  col l is ion 

(n = 2, 3, 4, 6, 8, 10, 12 ,  &, Og ) 

A l l  of the high order 

approximations t o  the transport  coefficients were not calculated in 

e i t h e r  case. I n  t h i s  paper we check these e a r l i e r  calculations and 

compute the col l is ion integrals  not previously calculated. 

cmpute the col l is ion integrals  f o r  some additional high values of 

We a lso  

n i n  the case of the inverse power potentials. 

2. Exponential Repulsive Potential  

(4 5 )  
We adopt the usual definit ion of the col l is ion in tegra l  fi 

given by Hirschfelder, Curtiss and Bird (1964). 

(1959) and define a temperature parameter 

We follow Monchick 

f o r  the potent ia l  
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where k is Boltzmann's constant and T is the absolute temperature. 

We also define the dimensionless coll ision integrals  i @ , S )  by 

The col l is ion integrals (s = 1 t o  5); 1(2,s)(s = 2 t o  4); 

=@,q +2,$ 

have been calculated by Yonchick f o r  a range of d between &3¶3> 
3.50 and 28.50. 

transport  coefficients the col l is ion integrals  

To compute the high order approximations t o  the 

- TQ; I(@ q 4 , 4  are needed. 

The col l is ion integrals  were computed by the method described 

in d e t a i l  by Smith snd Munn (1964). 

by Smith and Munn bu i l t  for an IBM 7090 computer was adopted for the 

ICT 1905 computer owned by Queen's University. Details are given in 

a thes i s  by Higgins (1967). 

was large an initial run gave sane poor results. 

by breaking the production run into two parts:one from 

t o  13.0, the second from 

Indeed the or iginal  programme 

Because the  range of the parameter 

This was corrected 

k = 3.5 

= 13.5 t o  28.5. 



etc. thus calculated were 
(1J) ; The col l is ion integrals  I 

i n  agreement with those of Monchick to  be t te r  than one p a r t  i n  1,OOO 

in a l l  cases where comparisollg with Monchick were possible. 

therefore confident that the remaining 5 s e t s  of col l is ion i n t e g r a  

shown in  Table 1 are correct t o  the 8-8 accuracy and tha t  Monchick’s 

r e su l t s  are correct a t  l e a s t  t o  t h i s  accuracy. 

We are  

3. Inverse Power Potent is ls  

mars e t  al. have shown that the oolliaion for the  potential:  

can be expressed i n  the form 

where 
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In these formules 

Gamma function, I: is the classical  deflection function, b is the 

p' is the reduced mass, 7 (x) is  the 

impact parameter and E is 

prograarme almSay described 

the energy of re la t ive  motion. 

the transport cross sections 

I n  the 

cm 
n 

0 J 

were calculated. From ( 6 ) ,  (7) and (8) it is  readily shown that 

A 
and A (n) is independent of the energy E. 

The cross sections Q l ( E )  were computed f o r  4 energies i n  
R each oase and A (n) was computed from (9) i n  each case. The 

accuracy of the quantit ies A (n) could be estimated from the 1 
agreement of the four  values of A R (n). 

The results f o r t h e  repulsive potent ia l  are l i s t e d  i n  Table 2 

t o  the accuracy shown f o r  n = 2, 3, 4, 5, 6 ,  8, 10, 15, 25, 50, and 

100. Also shown are the results of Kihara e t  81. Agreement($ those . 
cases where comparisons are possible) is excellent. 

The results f o r  the a t t rac t ive  - rigid potent ia l  ( t ha t  is  f o r  

are shown i n  Table the potential  w i t h  an infinitesimal r ig id  core) 

3. The comparison with the results of Wars e t  al. is excellent 
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except i n  the case n = 2 when there is a difference of about 1 t o  3 

par t s  i n  1,000. We are confident of the accuracy of our results t o  

the number of figures quoted$xcept in t h i s  one case, the only case 

which gave us di f f icu l ty  The d i f f icu l ty  arises because if' vl 3 2 9.$- -$ 1 
p < 1 / F t h e  c lass ica l  deflection angle equals <- c%'> . There- 

fo re ,  between 

tha t  is r e  replaced cos 

/3 = 0 and l / E w e  replaced it by a random phase) 
-Q by 0 i f  1 = 1 or  3, by 4 if' 

1 = 2 and by 3 i f  = 6. For /3 j u s t  above 1/ u 2  I the  

1 = 1, 2 and 3. I n  the case l= 4 

angle $ w a s  very large and the integrand osc i l la ted  rapidly and wdls 

d i f f i c u l t  t o  evaluate. 

values should be used f o r  

'Pberefore, we believe t h a t  the Kihara e t  al .  

our result should be correct t o  a few parts i n  1,000. When the un- 

reality of this physical model is realized it did not seem worthwhile 

computing this last number t o  a higher accumy.  The accuracy quoted 

should be sufficient.  
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Table 1 Coll is ion integrals for the  exponential repulsive potential  

oc 
28.50 
28.00 
27.00 
26.00 
25.00 
ut.00 
23.00 
22.00 

21.00 
20.00 

19.00 
18.00 
17.00 
16.00 

b, 

15.50 
15.00 
uc. 50 
uc.00 
13. 50 
13. 00 
12.50 
12.00 
11.50 
n.00 

10.50 

PY5) 
1 
58.49 
58.46 
58.40 
58.33 
58.25 
58.17 
58.08 
57.98 
57.87 
57.74 
57.60 
57.46 
57.25 
57.ob 
56.93 
56.80 
56. 67 
56.52 
56.35 
56.18 
55.98 
55.77 
55.53 
55.27 
54.98 

405.3 
405.0 
404.4 
403.8 
403.0 
602.3 
601.6 
400.5 
399.4 
398. 3 
397.0 
395.5 
393.8 
39 2.0 

390.9 
389.8 
388, 6 
387.2 
385.8 
384.2 
382.5 
380.6 
378.6 
376.3 
373.8 

I 
(3 Y4) 

uc. 30 
uc. 29 
Ut.26 
Ut.24 
a . 2 1  

UC. 17 
Ut.& 
l.4.10 
Ut. 06 
uc. 01 

13.9 6 
13. 90 
13.84 
13.77 
13.73 
13.68 
13.64. 
13.59 
13. 54 
13.68 
13.43 
13. 36 
13. 29 
13.21 
13.13 

I 
(3Y5) 

84.78 
84.69 
a. 50 
84.29 
84.07 
83.82 
83.56 
83.27 
82.96 
82.61 
8?. 23 
81.81 
81.33 
80.80 
80.51 
80.20 
79.87 
79 51 
79 13 
78.72 
78.28 
77.80 
77.28 
76.72 
76.10 

5 
(4Y4) 

12.11 

12.11 

12.11 
12.11 

12.11 
12.12 

12. 12 
12.12 

12.12 
12.12 
12.12 

12.11 
12.11 

12.11 

12.10 
12.10 

12.10 

12.09 
12.08 

12.08 

12, 07 
12.06 
12.05 
12, 03 
12.02 
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G L  

10.00 

9.50 
9.00 
8.75 
8. 50 
8.25 
8.00 

7.75 
7.50 
7.25 
7.00 
6. 75 
6 . 9  
6.25 
60 OO 
5.75 
5.50 
5.25 
5.00 
4. 75 
4.50 
4.25 
4.00 
3. 75 
3.50 

Collision integrals f o r  the exponential repulsive potent ia l  ( d e )  

54.66 
54.29 
53.88 
530 65 
53.4-3. 
53.15 
52.87 
52.57 
52. uc 
51.89 
51.51 
51.10 
50.65 
50.16 
49.62 
49.03 
4-80 38 
47. 66 
46.06 
45.97 
44.97 
43.84 
42.57 
41.12 

39.47 

371 0 
367.9 
364.3 
362.4 
360.3 
358.1 
355.7 
353.2 
350.4 
347.5 
344.3 
340.8 
337.1 
333.0 
328.6 
323.7 
318. 3 
312.4 
305.9 
298.6 

281.5 
271.3 
259.7 
uC6* 7 

290.5 

13. ab 
12.94 
12.83 
12.76 
12.70 
12.63 
12.56 
12.48 

12.60 
12.32 
12.22 

12, 13 
12.02 
11.91 
11.78 
11.65 
11.51 
11.35 
11.18 
n.00 

10.79 
10.57 
10.32 
10.05 

9.74 

_. 

I 
-(3,5) 

75.43 
74.69 
73. 86 
73.62 
72.95 
72.45 
71.93 
71.37 
70.78 
70. UC 
69 47 
68.75 
67.98 
67.15 
66.26 
65.30 
64.26 
630% 
61.91 
60.58 
59.11 
57.50 
55.73 
53.76 
51.58 

(494) 
i 
12.00 

11.98 
11.95 
11.93 
U.92 
11.90 
11.88 
ll. 86 
11.83 
11.80 
11.77 
11.74 
11.70 
11.66 
11.61 
11.56 
11.50 
11. 43 
11.35 
11.26 
11.15 
11.04 
10.90 

10.74 
10.55 



n 

2 

3 

4 

5 

6 

8 

10 

15 

25 

50 

100 

Table 2 A ( Q (n, repulsive) 

Kihara e t  aL 

-mit Smith 

Kihara e t  aL 
Smith 

Kihara e t  aL 
smith 

gihara et eL 
Smith 

Kihara e t  aL 
Smith 

Kihaca e t  a1 
Smith 

Kihara e t  s3. 

Smith 

Smith 

Smith 

Smith 

Smith 

L l  

0. 5976 

0.3977 

0.3n5 
0.3U26 

0.298 
0.29838 

- 
0030007 

0.306 
0.30593 

0.321 
0.32022 

0.333 
00 33380 

0.36064 

0. 39365 

0 43095 

0,45756 

& 2  

0.5278 

0.5281 

0.3533 
0.3533 

0.308 
0.30847 
- 
0 . 29106 
0.283 
0.28317 

0.279 
0.27786 

0.278 

0.27743 

0.28140 

0.29011 

0.302806 

R= 4 

0.8137 

- 
0.5033 
- 
0.42226 

- 
0.38889 

- 
0.37226 

- 
0.35777 
- 
0.35279 

0.35160 

0.35720 

0. 368404 



( R (n, attractive - rigid) Table 3 A 

n 

2 

[ 3  

4 

5 

6 

8 

10 

15 

25 

50 

.4= 3 

Kihara e t  a l  0.8069 0.7110 1.ll4.8 
Smith 0.809 0, 70% 1.112 

Kihara e t  al. 0.6!+l2 0*4W I 

Smith 0.6611 oe4-635 0.771 

Kihara e t  aL 0.5527 0,3852 0.6381 
Smith 0.5523 0.3866 0.6377 

Kihara et aL - - 0 

Smith 0.48207 0.34774 0. 5560 

Wars e t  a1 0.4342 0. 3277 0.502 
Smith 0.43425 0.3276 0.49978 

Smith 0. 38657 0,3061) 00444-72 

Smith 0.370338 0.29669 0.422896 

Smith 0.369731 0.289038 0. W0611 

Smith 0.392405 0.290850 0.420138 

Smith 0.4286727 O m  3014206 0,4435732 

/ ( = 4  

0 

1,007 

- 
0.636 

- 
0.5122 

i 

0.4235 

0.39038 

0.36103 

0.358669 

0.367O490 


